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DIFFUSION OPTICAL GUIDE PLATE, AND 
BACKLIGHT SOURCE AND LIQUID 

CRYSTAL DISPLAY APPARATUS USING THE 
SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an optical guide plate 

used for a backlight source of a liquid crystal display 
apparatus. In particular, the present invention relates to a 
diffusion optical guide plate Which can control the vieWing 
angle characteristic of a liquid crystal display apparatus. 
Furthermore, the present invention relates to a backlight 
source and a liquid crystal display apparatus using such a 
diffusion optical guide plate. 

2. Description of the Related Art 
In general, a liquid crystal display apparatus has Widely 

been used for numerical segment-type display apparatus 
such as Watches, electric calculators, and the like. A liquid 
crystal display device Which is incorporated in the liquid 
crystal display apparatus comprises a transparent substrate 
on Which an active element such as a thin ?lm transistor 

(TFT) is formed as a means for sWitching the piXel elec 
trodes Which apply voltage to the liquid crystal. The liquid 
crystal display apparatus further comprises a color (such as 
red, green, blue, etc.) ?lter layer as a color display means 
When a color display is performed. 

Depending on the tWist angle of the liquid crystal 
molecules, knoWn display modes of a liquid crystal display 
apparatus include: (1) an active driving-type tWisted nematic 
(TN) liquid crystal display mode Which includes liquid 
crystal molecules tWistedly aligned at an angle of 90°; and 
(2) a multiplex driving-type super tWisted nematic (STN) 
liquid crystal display mode Which includes liquid crystal 
molecules tWistedly aligned at an angle of more than 90° and 
utiliZing the steepness of the transmittance-applied voltage 
characteristics. 

Since these liquid crystal display apparatus are charac 
teriZed in that they are thin, light Weight and consume little 
electric poWer, they have rapidly been developed in display 
?elds (e.g., Word processors, notebook-type personal 
computers, portable TVs, car navigation TVs, and the like) 
in recent years. In the future, because various images are 
eXpected to be Widely used in public With the development 
of these portable liquid crystal display apparatus, it Will be 
more and more important to protect personal privacy regard 
ing these images. 

According to the conventional liquid crystal display 
apparatus, as shoWn in FIG. 8, the display image of a liquid 
crystal display apparatus 28 can be recogniZed by not only 
an observer 29 located directly in the front of the display, but 
by other observers 30 and 31 located to either side (a Wide 
vieWing angle display mode). Therefore, as shoWn in FIG. 9, 
it is desirable that the vieWing angle (20) of the liquid crystal 
display apparatus 28 be narroW compared to that shoWn in 
FIG. 8 for the purpose of protecting the user’s personal 
privacy regarding the images being vieWed, by providing a 
liquid crystal display apparatus having a structure so that 
only the observer 29 can clearly recogniZe the display image 
(a narroW vieWing angle display mode). In other Words, it is 
desirable that the vieWing angle characteristic of the liquid 
crystal display apparatus can readily be varied depending 
upon Whether the image is displayed to a large number of 
people, or to only an observer located directly in front of the 
display. 

In order to respond this demand, Japanese Laid-open 
Patent Publication No. 5-108023 proposes a liquid crystal 
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2 
display apparatus having a controllable vieWing angle. The 
liquid crystal display apparatus comprises a light shutter TN 
liquid crystal cell attached to a display TN liquid crystal cell. 
Speci?cally, a polariZing plate, a light shutter TN liquid 
crystal cell and an optical path controlling plate are formed 
on the light source side of the display TN liquid crystal cell, 
While another polariZing plate is formed on its opposite side. 
The display image of the display TN liquid crystal cell can 
be either a Wide vieWing angle mode or a narroW vieWing 
angle mode for preventing vieWing by observers other than 
the user, by sWitching betWeen the open and close conditions 
of the light shutter TN liquid crystal cell. 

HoWever, this liquid crystal display apparatus Which has 
a controllable vieWing angle requires tWo liquid crystal cells 
(i.e., the display liquid crystal cell and the light shutter liquid 
crystal cell). Therefore, it is dif?cult for such a liquid crystal 
display apparatus to be fabricated to have a thin shape. 
Furthermore, fabrication of the liquid crystal display appa 
ratus is complicated and provides for less ef?cient produc 
tivity. In addition, the liquid crystal display apparatus further 
requires a polariZing plate incorporated in the light shutter 
ing TN cell, and thus has a total of three polariZing plates. 
Therefore, a problem arises in that the liquid crystal display 
apparatus provides reduced light transmittance, compared to 
the conventional TN and STN liquid crystal display appa 
ratus. 

Japanese Laid-open Patent Publication No. 5-72529 dis 
closes a liquid crystal display apparatus having reduced 
vieWing angle dependency of its characteristics. The liquid 
crystal display apparatus comprises an additional liquid 
crystal layer for controlling light scattering on one side of 
one of the polariZing plates, in addition to the conventional 
liquid crystal display device having a display mode utiliZing 
optical rotation or birefringence (such as those of TN-mode 
or STN-mode, homogeneous-mode, or the like). 
As described above, this liquid crystal display device 

requires the use of an additional liquid crystal (e.g., DSM 
type liquid crystals, polymer dispersed type liquid crystals, 
etc.) as a liquid crystal for controlling light scattering. This 
requirement causes an increase in production cost. The 
liquid crystal display apparatus Which uses a scattering 
mode provides a very loW brightness of its display image 
vieWed from the direction vertical to the display screen, 
because a light transmitting the liquid crystal display appa 
ratus is scattered at a Wide angle. Thus, the liquid crystal 
display apparatus Which uses a scattering mode cannot 
display the image clearly. 

SUMMARY OF THE INVENTION 

The diffusion optical guide plate of this invention includes 
a transparent plate having a ?rst plane, a second plane and 
side faces; and a light scattering controlling means for 
scattering incident light from said side face so as to alloW the 
light to go out through the second plane, and transmitting 
incident light from said ?rst plane so as to alloW the light to 
go out through said second plane. 

In one embodiment of the invention, the light scattering 
controlling means is a micro unevenness formed on said ?rst 
plane. 

In another embodiment of the invention, the light scat 
tering means comprises a light scattering portion in a dot 
matriX shape disposed on or inside said transparent plate, 
and a light absorbing portion or a light re?ecting portion 
formed on the ?rst plane corresponding to said light scat 
tering portion. 

According to another aspect of the invention, a backlight 
source is provided. The backlight source includes the above 
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described diffusion optical guide plate; a light-condensing 
shading slit ?lm disposed at the ?rst plane side of said 
diffusion optical guide plate; an optical guide plate disposed 
on the surface of said shading slit ?lm and opposite to said 
diffusion optical guide plate; and light sources irradiating 
With light at least one side face of each of said diffusion 
optical guide plate and said optical guide plate. 

In one embodiment of the invention, the diffusion optical 
guide plate and the optical guide plate have a sectional shape 
having a decreasing thickness from one side toWards the 
other side, and are disposed so that the thinner side of said 
diffusion optical guide plate and the thicker side of said 
optical guide plate are located on the same side and the 
thicker side of said diffusion optical guide plate and the 
thinner side of said optical guide plate are located on the 
same side. 

In another embodiment of the invention, the backlight 
source further includes an irradiation direction sWitching 
means for selectively irradiating With light either the side 
face of said diffusion optical guide plate or the side face of 
said optical guide plate. 

In still another embodiment of the invention, the backlight 
source further includes a light source transferring means for 
selectively irradiating With light either the side face of said 
diffusion optical guide plate or the side face of said optical 
guide plate. 

In still another embodiment of the invention, the backlight 
source further includes a ?rst light source provided on the 
side of said diffusion optical guide plate and a second light 
source provided on the side of said optical guide plate, said 
light sources selectively irradiating With light either the side 
face of said diffusion optical guide plate or the side face of 
said optical guide plate by an on-off operation of said light 
sources. 

According to still another aspect of the invention, a liquid 
crystal display apparatus is provided. The liquid crystal 
display apparatus includes the above-described backlight 
source. 

The folloWing illustrates the functions of the present 
invention. 

The diffusion optical guide plate of the present invention 
comprises a transparent plate having a ?rst plane, a second 
plane and side faces, and a light scattering controlling means 
for scattering incident light from the side face so as to alloW 
the light to go out through the second plane and for trans 
mitting incident light from the ?rst plane (e.g., from a 
direction vertical to the ?rst plane) so as to alloW the light 
to go out through the second plane. When a backlight source 
having this diffusion optical guide plate is used for a liquid 
crystal display apparatus, its vieWing angle can be varied in 
the folloWing manner. When a light enters into the side face 
of the diffusing optical guide plate, the light is scattered to 
go out through the second plane, Which results in Widening 
the vieWing angle in the display image. On the other hand, 
When a light enters from the ?rst plane, the light is trans 
mitted to go out through the second plane, Which results in 
narroWing the vieWing angle in the display image and thus 
alloWs the image to be substantially recogniZed only by the 
observer located directly in front of the liquid crystal display 
apparatus (i.e., 29 in FIG. 9). Therefore, according to the 
present invention, the vieWing angle of the display image 
can be controlled by sWitching the direction of the incident 
light betWeen the side face and the ?rst plane. 

This light scattering controlling means may include a 
micro unevenness (e.g., matte texture) formed on the ?rst 
plane. Alternatively, the light scattering controlling means 
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4 
may comprise a light scattering portion in a dot matriX shape 
disposed on or inside the transparent plate, and a light 
absorbing portion or a light re?ecting portion formed on the 
?rst plane corresponding to the light scattering portion. In 
the latter case, since only a portion of the incident light 
entered from the ?rst plane Which is not blocked by the light 
absorbing portion or the light re?ecting portion transmits 
through the second plane, a vieWing angle of the display 
image can be narroWed (i.e., controlled more effectively). 
The backlight source of the present invention comprises 

the above-described diffusion optical guide plate, and an 
optical guide plate. The backlight source of the present 
invention can control a vieWing angle of the display image 
by the same mechanism as that mentioned for the diffusion 
optical guide plate. Both the optical guide plate and the 
diffusion optical guide plate may have a sectional shape 
having a decreasing thickness from one side toWard the 
other side (hereinafter referred to as a Wedge-type sectional 
shape). The thickness of the backlight source can be reduced 
by disposing the diffusion optical guide plate and the optical 
guide plate so that the thinner side of the diffusion optical 
guide plate and the thicker side of the optical guide plate are 
located on the same side and the thicker side of the diffusion 
optical guide plate and the thinner side of the optical guide 
plate are located on the same side, so as to provide for a 
thinner liquid crystal display apparatus. 

Since the liquid crystal display apparatus of the present 
invention comprises a backlight source having the above 
described diffusion optical guide plate, the vieWing angle of 
the display image can be controlled depending upon Whether 
incident light enters into the side face or the ?rst plane of the 
diffusion optical guide plate. For example, if a light source 
provided on the side of the diffusion optical guide plate is on, 
and another light source provided on the side of the optical 
guide plate located in its loWer portion is off, then incident 
light entering from the side face of the diffusion optical 
guide plate is scattered to Widen the vieWing angle of the 
display image. On the other hand, if a light source provided 
on the side of the diffusion optical guide plate is off, and 
another light source provided on the side of the optical guide 
plate is on, then a light passes through the side face of the 
optical guide plate to enter into the ?rst plane of the diffusion 
optical guide plate and thus transmits through the second 
plane Without scattering. As a result, the vieWing angle of the 
display image is narroWed compared to the case Where the 
light source provided on the side of the diffusion optical 
guide plate is on. Thus, it is possible to sWitch the angle of 
vision of the transmitted light betWeen a narroWed condition 
and a Widened condition (i.e., to control the vieWing angle 
of the display image) by irradiating With light either the side 
face of the diffusion optical guide plate or the side face of the 
optical guide plate. 

Thus, the invention described herein makes possible the 
advantages of: (1) providing a diffusion optical guide plate, 
and a backlight source and a liquid crystal display apparatus 
using such a plate, Which can vary a vieWing angle of the 
display image; and (2) providing a diffusion optical guide 
plate Which provides a thin liquid crystal display apparatus 
Without requiring a plurality of crystal cells and therefore 
having improved ef?ciency With respect to use of light, as 
Well as a backlight source and a liquid crystal display 
apparatus using such a plate. 

These and other advantages of the present invention Will 
become apparent to those skilled in the art upon reading and 
understanding the folloWing detailed description With refer 
ence to the accompanying ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a perspective vieW illustrating an embodiment 
of the diffusion optical guide plate according to the present 
invention; 
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FIG. 1B is a schematic sectional vieW illustrating another 
embodiment of the diffusion optical guide plate according to 
the present invention. 

FIG. 2 is a schematic sectional vieW illustrating an 
embodiment of the liquid crystal display apparatus accord 
ing to the present invention Which comprises a backlight 
source having the diffusion optical guide plate shoWn in 
FIGS. 1A or 1B. 

FIG. 3A is an exploded sectional vieW illustrating the 
transmittance of the light Where an image is displayed in a 
narroWed vieWing angle condition in the liquid crystal 
display apparatus according to the present invention; 

FIG. 3B is a graph shoWing the variation of the brightness 
(brightness distribution) from a direction (0°) vertical to the 
polariZing plate of the liquid crystal display apparatus to a 0 
direction of FIG. 3A in a narroWed vieWing angle condition. 

FIG. 4A is an exploded sectional vieW illustrating the 
transmittance of the light Where an image is displayed in a 
Widened vieWing angle condition in the liquid crystal dis 
play apparatus according to the present invention; 

FIG. 4B is a graph shoWing the variation of the brightness 
(brightness distribution) from a direction (0°) vertical to the 
polariZing plate of the liquid crystal display apparatus to a 0 
direction of FIG. 4A in a Widened vieWing angle condition. 

FIG. 5 is a schematic sectional vieW illustrating an 
embodiment of the liquid crystal display apparatus accord 
ing to the present invention using a diffusion optical guide 
plate and an optical guide plate having a Wedge-type sec 
tional shape. 

FIG. 6 is a schematic sectional vieW illustrating an 
embodiment of the liquid crystal display apparatus accord 
ing to the present invention Which comprises a light source 
and a pivotable re?ection sheet. 

FIG. 7 is a schematic sectional vieW illustrating an 
embodiment of the liquid crystal display apparatus accord 
ing to the present invention Which comprises a light source 
transferring means. 

FIG. 8 is a schematic vieW illustrating a case Where a 
liquid crystal display apparatus is displayed in a Wide 
vieWing angle mode. 

FIG. 9 is a schematic vieW illustrating a case Where the 
liquid crystal display apparatus is displayed in a narroW 
vieWing angle mode. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The folloWing illustrates embodiments of the present 
invention With reference to the draWings, but the present 
invention is not limited to these embodiments. In the 
draWings, elements having the same function are repre 
sented by the same reference numeral. 

Embodiment 1 

FIG. 1A is a perspective vieW illustrating an embodiment 
of the diffusion optical guide plate according to the present 
invention 

The diffusion optical guide plate 1a of the present 
embodiment comprises a transparent plate having a ?rst 
plane (the plane into Which light enters; i.e., the loWer plane 
in the present embodiment), a second plane (the plane from 
Which light goes out; i.e., the upper plane in the present 
embodiment), and side faces. The transparent plate is made 
of, for example, a polymer resin such as acrylic resins. The 
diffusion optical guide plate 1a has a thickness of approxi 
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6 
mately several mm, preferably about 1 to about 5 mm. The 
diffusion optical guide plate 1a comprises a light scattering 
controlling means on the ?rst plane. The light scattering 
controlling means scatters incident light from the side face 
of the diffusion optical guide plate 1a so as to alloW the light 
to go out through the second plane, and transmits incident 
light from the ?rst plane (e.g., from a direction vertical to the 
?rst plane) so as to alloW the light to go out through the 
second plane. 

Preferably, the light scattering controlling means is a 
micro unevenness formed on the ?rst plane. For example, a 
matte texture can be formed by molding (such as press 
molding) as the micro unevenness on the ?rst plane. The 
micro unevenness can be de?ned, for example, by surface 
roughness. The surface roughness of the ?rst plane is 
preferably 10 to 500 pm. 

Embodiment 2 

FIG. 1B is a schematic sectional vieW illustrating another 
embodiment of the diffusion optical guide plate according to 
the present invention 
The diffusion optical guide plate 1b of the present inven 

tion comprises a transparent plate having the ?rst plane, the 
second plane, and side faces. The transparent plate is made 
of, for example, a polymer resin such as acrylic resins. A 
light scattering portion 2 (made from, for example, a White 
scattering material) in a dot matrix shape is disposed on or 
inside the transparent plate. The White scattering materials 
include resins having a high refractive index, glasses, and 
the like. The White scattering material is preferably in the 
form of a microbead. The White scattering material is 
provided by any suitable method. The arrangement interval 
of the White scattering material (i.e., intervals betWeen 
adjacent dots) may suitably be varied depending upon the 
applications of the diffusion optical guide plate, but is 
preferably about 0.5 to about 3 mm. 

A light absorbing portion (made from a light absorbing 
material such as carbon black, black pigment or dye) or a 
light re?ecting portion (made from a light re?ecting material 
such as a metal ?lm (e.g., an alminium ?lm)) (both of Which 
are not shoWn) are formed on the ?rst plane corresponding 
to the light scattering portion. The light absorbing portion or 
the light re?ecting portion is formed by any suitable method 
(e.g., coating). 
As shoWn in FIG. 1B, incident light from a light source 

(such as ?uorescent tube) Which enters into the side of the 
transparent plate is scattered With a light scattering portion 
2 to go out through the second plane (the upper side in the 
?gure). When a light absorbing portion is formed on the ?rst 
plane corresponding to the light scattering portion, incident 
light entering from the ?rst plane (e.g., from a direction 
vertical to the ?rst plane) is absorbed With the light absorb 
ing portion. When a light re?ecting portion is formed on the 
?rst plane corresponding to the light scattering portion, 
incident light entering from the ?rst plane is re?ected With 
the light re?ecting portion. Therefore, only a portion of the 
incident light Which is not blocked by the light absorbing 
portion or the light re?ecting portion is transmitted to go out 
through the second plane. 

Embodiment 3 

FIG. 2 is a schematic sectional vieW illustrating an 
embodiment of the liquid crystal display apparatus accord 
ing to the present invention Which comprises a backlight 
source having the diffusion optical guide plate shoWn in 
FIG. 1A or 1B. 



5,956,107 
7 

Abacklight source 20 comprises an optical guide plate 9 
having light sources (such as ?uorescent tube) 8 and 8 
provided on its both sides, a scattering sheet 7 disposed on 
the upper portion of the optical guide plate 9, a light 
condensing prism sheet 6 disposed on the scattering sheet 7, 
a shading slit ?lm 5, and a diffusion optical guide plate 1a 
(or 1b) having light sources (such as ?uorescent tube) 3 and 
3 provided on its both sides. The optical guide plate 9, the 
scattering sheet 7, and the prism sheet 6 may have any 
suitable structures. Preferably, the shading slit ?lm 5 may 
have a con?guration that can transmit a light in only the 
front direction (for eXample, so that its visible angle can be 
about 10° to 20° in the horiZontal direction in the paper). 

The diffusion optical guide plate 1a or 1b is as illustrated 
above With reference to FIGS. 1A and 1B, respectively. In 
the present embodiment, the diffusion optical guide plate 1a 
or 1b is disposed so that the ?rst plane of the plate is opposed 
to the shading slit ?lm. 

The liquid crystal display apparatus 200 according to the 
present invention comprises a backlight source 20, and a 
liquid crystal display device 4 disposed betWeen polariZing 
plates 12 and 12. The structure of the liquid crystal display 
device 4 is not speci?cally limited so long as it is applicable 
to a transmission-type liquid crystal display apparatus, and 
any suitable structure can be used depending upon its 
applications. 

The mechanism of controlling the vieWing angle of a 
display image by the liquid crystal display apparatus accord 
ing to the present invention is illustrated With reference to 
FIGS. 3A and 3B, and FIGS. 4A and 4B. 

FIG. 3A is an exploded sectional vieW illustrating the 
transmittance of the light Where an image is displayed in a 
narroWed vieWing angle condition in the liquid crystal 
display apparatus according to the present invention; and 
FIG. 3B is a graph shoWing the variation of the brightness 
(brightness distribution) from a direction (0°) vertical to the 
polariZing plate of the liquid crystal display apparatus to a 0 
direction of FIG. 3A in a narroWed vieWing angle condition. 
As shoWn in FIG. 3A, When a ?uorescent tube 3 is off and 
a ?uorescent tube 8 is on, light from the ?uorescent tube 8 
successively passes through the optical guide plate 9, the 
scattering sheet 7 and the prism sheet 6, and is blocked by 
the shading slit ?lm 5 to provide a light having a narroWed 
visible angle of 10° to 20° in the horiZontal direction With 
respect to orientation of the display as shoWn in FIG. 8 or 9. 
This narroWed angle light is hardly scattered even When 
passing through the diffusion optical guide plate 1a (or 1b), 
and passes through the liquid crystal display device 4 as a 
light having a narroWed angle of visibility of 40° to 50° (i.e., 
0 is 20° to 25°) in the horiZontal direction. Thus, the light 
goes out only in the front direction, Which results in a 
condition that a display image is clearly recogniZed only at 
an angle of 40° to 50° (i.e., 0 is 20° to 25°) in the horiZontal 
direction (i.e., a narroWed vieWing angle condition). The 
brightness distribution is illustrated in FIG. 3B. 
On the other hand, FIG. 4A is an exploded sectional vieW 

illustrating the transmittance of the light Where an image is 
displayed in a Widened vieWing angle condition in the liquid 
crystal display apparatus according to the present invention; 
and FIG. 4B is a graph shoWing the variation of the 
brightness (brightness distribution) from a direction (0°) 
vertical to the polariZing plate of the liquid crystal display 
apparatus to a 0 direction of FIG. 4A in a Widened vieWing 
angle condition. As shoWn in FIG. 4A, When a ?uorescent 
tube 3 is on and a ?uorescent tube 8 is off, because a light 
is scatterred and diffused in the diffusion optical guide plate 
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8 
1a (or 1b), and thus transmitted through the liquid crystal 
display device 4 in directions other than the front direction, 
Which results in a condition that an image is recogniZed at 
a Wide visible angle of 80° or more (i.e., 0 is 40° or more) 
in the horiZontal direction (a Widened vieWing angle 
condition). 
As can be seen from the comparison betWeen FIG. 3B and 

FIG. 4B, since the light is not transmitted through the liquid 
crystal display device at an angle of more than 40° in the 
horiZontal direction in a narroWed vieWing angle condition 
as illustrated in FIG. 3B, the screen appears dark at an angle 
of more than 40° so as to provide a condition that the image 
cannot be clearly recogniZed. On the other hand, it is 
possible to recogniZe the image at a Wide angle range in the 
horiZontal direction in a Widened vieWing angle condition as 
illustrated in FIG. 4B. 

As described above, it is possible to sWitch the angle of 
visibility of the transmitted light betWeen a narroWed con 
dition and a Widened condition by selectively irradiating 
With light either the side face of the diffusion optical guide 
plate 1a (or lb) or the side face of the optical guide plate 9. 

According to the liquid crystal display apparatus of the 
present embodiment, the angle of visibility of the screen is 
varied Wide or narroW in the horiZontal direction (that is, the 
vieWing angle of the display image can be controlled in the 
horiZontal direction). When the liquid crystal display appa 
ratus is rotated at an angle of 90°, the visible angle of the 
screen can apparently be varied by being Widened or nar 
roWed in the vertical direction (i.e., the normal direction of 
the paper); that is, the vieWing angle of the display image 
can be controlled in the vertical direction. 

Embodiment 4 

The folloWing illustrates another embodiment of the 
present invention With reference to FIG. 5. FIG. 5 is a 
schematic sectional vieW illustrating an embodiment of the 
liquid crystal display apparatus according to the present 
invention using a diffusion optical guide plate and an optical 
guide plate having a Wedge-type sectional shape. For 
simpli?cation, only the characteristic portion of the present 
embodiment is illustrated beloW. 

The liquid crystal display apparatus 500 comprises a 
diffusion optical guide plate 1a or 1b and an optical guide 
plate 9, both of Which have a Wedge-type sectional shape. 
They are disposed so that the thinner side of the diffusion 
optical guide plate 1a or 1b and the thicker side of the optical 
guide plate 9 are located on the same side, and the thicker 
side of the diffusion optical guide plate 1a or 1b and the 
thinner side of the optical guide plate 9 are located on the 
same side. 

It is possible to sWitch the angle of visibility of the 
transmitted light betWeen a Widened condition and a nar 
roWed condition in the liquid crystal display apparatus of the 
present embodiment by the same mechanism as illustrated in 
Embodiment 3 (i.e., by the on-off sWitching operation of the 
?uorescent tubes 3 and 8). Furthermore, the use of the 
diffusion optical guide plate and the optical guide plate, both 
of Which have a Wedge-type sectional shape, makes it 
possible to fabricate a thin liquid crystal display apparatus. 

Embodiment 5 

The folloWing illustrates still another embodiment of the 
present invention With reference to FIG. 6. FIG. 6 is a 
schematic sectional vieW illustrating an embodiment of the 
liquid crystal display apparatus according to the present 
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invention Which comprises a light source and a pivotable 
re?ection sheet. For simpli?cation, only the characteristic 
portion of the present embodiment is illustrated beloW. 

The liquid crystal display apparatus 600 is characteriZed 
by its backlight source. Speci?cally, the backlight source has 
an irradiation direction sWitching means for selectively 
irradiating With light either the side face of the diffusion 
optical guide plate 1a or lb, or the side face of the optical 
guide plate 9. Any suitable means can be used as the 
irradiation direction sWitching means. For example, the 
liquid crystal display apparatus 600 comprises a backlight 
source having a light source 11 and a re?ective sheet 11a 
Which can be pivoted. Either the side face of the diffusion 
optical guide plate 1a or lb, or the side face of the optical 
guide plate 9 is selectively irradiated With light by pivoting 
the re?ective sheet 11a at the prescribed angle and sWitching 
the irradiation direction of the light source 11. As a result, it 
is possible to sWitch the angle of visibility of the transmitted 
light betWeen a narroWed condition and a Widened condition 
(i.e., to control the vieWing angle of a display image). 

Embodiment 6 

The folloWing illustrates still another embodiment of the 
present invention With reference to FIG. 7. FIG. 7 is a 
schematic sectional vieW illustrating one eXample of the 
liquid crystal display apparatus according to the present 
invention Which comprises a light source transferring 
means. For simpli?cation, only the characteristic portion of 
the present embodiment is illustrated beloW. 

The liquid crystal display apparatus 700 is also charac 
teriZed by its backlight source. Speci?cally, the backlight 
source has a light source transferring means for selectively 
irradiating With light either the side face of the diffusion 
optical guide plate 1a or lb, or the side face of the optical 
guide plate 9. Any suitable means can be used as the light 
source transferring means. For example, the light source 
(such as ?uorescent tube) 13 of the liquid crystal display 
apparatus 700 can be transferred (preferably, can be slid) in 
a vertical direction of the draWing. Either the side face of the 
diffusion optical guide plate 1a or lb, or the side face of the 
optical guide plate 9 is selectively irradiated With light by 
transferring the light source 13. As a result, it is possible to 
sWitch a visible angle of the transmitted light betWeen a 
narroWed condition and a Widened condition (i.e., to control 
the vieWing angle of a display image). 
As described above, the present invention provides a 

diffusion optical guide plate comprising a light scattering 
controlling means. The light scattering control means scat 
ters incident light from the side face of the diffusion optical 
guide plate so as to alloW the light to go out through the 
second plane of the plate and transmits incident light from 
the ?rst plane of the plate so as to alloW the light to eXit 
through the second plane. The present invention also pro 
vides a backlight source comprising the diffusion optical 
guide plate and an optical guide plate. It is possible to sWitch 
the angle of visibility of the transmitted light betWeen a 
narroWed condition and a Widened condition (i.e., to control 
the vieWing angle of a display image) by using the diffusion 
optical guide plate or the backlight source for a liquid crystal 
display apparatus. 

Furthermore, according to the present invention, the con 
trol of the vieWing angle can be accomplished Without using 
a plurality of crystal cells, Which is different from the 
conventional liquid crystal display apparatus that is capable 
of controlling its vieWing angle. In other Words, a liquid 
crystal display apparatus Which is capable of controlling its 

10 

15 

25 

35 

45 

55 

65 

10 
vieWing angle can be obtained at a loWer cost, since the 
production process is not complicated. In addition, it is not 
necessary to increase a number of the polariZing plates due 
to the lack of the necessity of using a plurality of crystal 
cells. As a result, since light loss is prevented according to 
this simple liquid crystal display apparatus, the ef?ciency 
With respect to use of light can be improved so as to provide 
a bright image in the liquid crystal display apparatus Which 
is capable of controlling its vieWing angle. 
The present invention is applicable to any transmission 

type liquid crystal display apparatus. 
Various other modi?cations Will be apparent to and can be 

readily made by those skilled in the art Without departing 
from the scope and spirit of this invention. Accordingly, it is 
not intended that the scope of the claims appended hereto be 
limited to the description as set forth herein, but rather that 
the claims be broadly construed. 
What is claimed is: 
1. A diffusion optical guide plate, comprising: 
a transparent plate having a ?rst plane, a second plane and 

side faces; and 
a light scattering controlling means for scattering incident 

light from said side face so as to alloW the light to go 
out through the second plane, and transmitting incident 
light from said ?rst plane so as to alloW the light to go 
out through said second plane, 

Wherein said light scattering means comprises 
a light scattering portion in a dot matriX shape disposed 
on or inside said transparent plate, and 

a light absorbing portion or a light re?ecting portion 
formed on the ?rst plane corresponding to said light 
scattering portion. 

2. A backlight source, comprising: 
a diffusion optical guide plate having a transparent plate 

having a ?rst plane, a second plane and side faces, and 
a light scattering controlling means for scattering inci 
dent light from said side face so as to alloW the light to 
go out through the second plane and transmitting 
incident light from said ?rst plane so as to alloW the 
light to go out through said second plane; 

a light-condensing shading slit ?lm disposed at the ?rst 
plane side of said diffusion optical guide plate; 

an optical guide plate disposed on the surface of said 
shading slit ?lm opposite to said diffusion optical guide 
plate; and 

at least one light source for emitting light, the light 
selectively alloWed to pass through either at least one 
side face of said diffusion optical guide plate or at least 
one side face of said optical guide plate, thereby 
varying an angle of the light passing through the second 
plane of the diffusion optical guide plate. 

3. Abacklight source according to claim 2, Wherein said 
light scattering controlling means is a number of micro 
unevenness formed on said ?rst plane. 

4. A backlight source according to claim 2, 
Wherein the at least one light source comprises 

a ?rst light source and 
a second light source, 
the ?rst light source provided on the side of said 

diffusion optical guide plate and 
the second light source provided on the side of said 

optical guide plate, 
said light sources selectively irradiating With light 

either the side face of said diffusion optical guide 
plate or the side face of said optical guide plate by an 
on-off operation of said light sources. 
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5. A backlight source, comprising: 
a diffusion optical guide plate having a transparent plate 

having a ?rst plane, a second plane and side faces, and 
a light scattering controlling means for scattering inci 
dent light from said side face so as to alloW the light to 
go out through the second plane and transmitting 
incident light from said ?rst plane so as to alloW the 
light to go out through said second plane; 

a light-condensing shading slit ?lm disposed at the ?rst 
plane side of said diffusion optical guide plate; 

an optical guide plate disposed on the surface of said 
shading slit ?lm opposite to said diffusion optical guide 
plate; and 

light sources irradiating With light at least one side face of 
each of said diffusion optical guide plate and said 
optical guide plate, 

Wherein said light scattering controlling means comprises 
a light scattering portion disposed on or inside said 
transparent plate in a dot matrix shape, and a light 
absorbing portion or a light re?ective portion formed 
on the ?rst plane corresponding to said light scattering 
portion. 

6. A backlight source, comprising: 
a diffusion optical guide plate having a transparent plate 

having a ?rst plane, a second plane and side faces, and 
a light scattering controlling means for scattering inci 
dent light from said side face so as to alloW the light to 
go out through the second plane and transmitting 
incident light from said ?rst plane so as to alloW the 
light to go out through said second plane; 

a light-condensing shading slit ?lm disposed at the ?rst 
plane side of said diffusion optical guide plate; 

an optical guide plate disposed on the surface of said 
shading slit ?lm opposite to said diffusion optical guide 
plate; and 

light sources irradiating With light at least one side face of 
each of said diffusion optical guide plate and said 
optical guide plate, 

Wherein said diffusion optical guide plate and said optical 
guide plate have a sectional shape having a decreasing 
thickness from one side toWards the other side, and are 
disposed so that the thinner side of said diffusion 
optical guide plate and the thicker side of said optical 
guide plate are located on the same side and the thicker 
side of said diffusion optical guide plate and the thinner 
side of said optical guide plate are located on the same 
side. 

7. A backlight source, comprising: 
a diffusion optical guide plate having a transparent plate 

having a ?rst plane, a second plane and side faces, and 
a light scattering controlling means for scattering inci 
dent light from said side face so as to alloW the light to 
go out through the second plane and transmitting 
incident light from said ?rst plane so as to alloW the 
light to go out through said second plane; 

a light-condensing shading slit ?lm disposed at the ?rst 
plane side of said diffusion optical guide plate; 

an optical guide plate disposed on the surface of said 
shading slit ?lm opposite to said diffusion optical guide 
plate; and 

light sources irradiating With light at least one side face of 
each of said diffusion optical guide plate and said 
optical guide plate, 

further comprising an irradiation direction sWitching 
means for selectively irradiating With light either the 
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side face of said diffusion optical guide plate or the side 
face of said optical guide plate. 

8. A backlight source, comprising: 
a diffusion optical guide plate having a transparent plate 

having a ?rst plane, a second plane and side faces, and 
a light scattering controlling means for scattering inci 
dent light from said side face so as to alloW the light to 
go out through the second plane and transmitting 
incident light from said ?rst plane so as to alloW the 
light to go out through said second plane; 

a light-condensing shading slit ?lm disposed at the ?rst 
plane side of said diffusion optical guide plate; 

an optical guide plate disposed on the surface of said 
shading slit ?lm opposite to said diffusion optical guide 
plate; and 

light sources irradiating With light at least one side face of 
each of said diffusion optical guide plate and said 
optical guide plate, 

further comprising a light source transferring means for 
selectively irradiating With light either the side face of 
said diffusion optical guide plate or the side face of said 
optical guide plate. 

9. A liquid crystal display apparatus having a backlight 
source, said backlight source comprising: 

a diffusion optical guide plate comprising 
a transparent plate having a ?rst plane, a second plane 

and side faces, and 
a light scattering controlling means for scattering inci 

dent light from said side face so as to alloW the light 
to go out through the second plane and transmitting 
incident light from said ?rst plane so as to alloW the 
light to go out through said second plane; 

a light-condensing shading slit ?lm disposed at the ?rst 
plane side of said diffusion optical guide plate; 

an optical guide plate disposed on the surface of said 
shading slit ?lm opposite to said diffusion optical guide 
plate; and 

at least one light source for emitting light, the light 
selectively alloWed to pass through either at least one 
side face of said diffusion optical guide plate or at least 
one side face of said optical guide plate, thereby 
varying an angle of the light passing through the second 
plane of the diffusion optical guide plate. 

10. A liquid crystal display apparatus according to claim 
9, Wherein said light scattering controlling means is a micro 
unevenness formed on said ?rst plane. 

11. A liquid crystal display apparatus according to claim 
9, further comprising the ?rst light source provided on the 
side face of said diffusion optical guide plate and the second 
light source provided on the side of said optical guide plate, 
said light sources selectively irradiating With light either the 
side face of said diffusion optical guide plate or the side face 
of said optical guide plate by an on-off operation of said light 
sources. 

12. A liquid crystal display apparatus having a backlight 
source, said backlight source comprising: 

a diffusion optical guide plate comprising 
a transparent plate having a ?rst plane, a second plane 

and side faces, and 
a light scattering controlling means for scattering inci 

dent light from said side face so as to alloW the light 
to go out through the second plane and transmitting 
incident light from said ?rst plane so as to alloW the 
light to go out through said second plane; 

a light-condensing shading slit ?lm disposed at the ?rst 
plane side of said diffusion optical guide plate; 
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an optical guide plate disposed on the surface of said 
shading slit ?lm opposite to said diffusion optical guide 
plate; and 

light sources irradiating With light at least one side face of 
each of said diffusion optical guide plate and said 
optical guide plate, 

Wherein said light scattering controlling means comprises 
a light scattering portion in a dot matrix shape disposed 
on or inside said transparent plate, and a light absorbing 
or light re?ecting portion on the ?rst plane correspond 
ing to said light scattering portion in said ?rst plane. 

13. A liquid crystal display apparatus having a backlight 
source, said backlight source comprising: 

a diffusion optical guide plate comprising 
a transparent plate having a ?rst plane, a second plane 

and side faces, and 
a light scattering controlling means for scattering inci 

dent light frorn said side face so as to alloW the light 
to go out through the second plane and transmitting 
incident light from said ?rst plane so as to alloW the 
light to go out through said second plane; 

a light-condensing shading slit ?lrn disposed at the ?rst 
plane side of said diffusion optical guide plate; 

an optical guide plate disposed on the surface of said 
shading slit ?lrn opposite to said diffusion optical guide 
plate; and 

light sources irradiating With light at least one side face of 
each of said diffusion optical guide plate and said 
optical guide plate, 

Wherein said diffusion optical guide plate and said optical 
guide plate have a sectional shape having a decreasing 
thickness from one side toWards the other side, and are 
disposed so that the thinner side of said diffusion 
optical guide plate and the thicker side of said optical 
guide plate are located on the same side and the thicker 
side of said diffusion optical guide plate and the thinner 
side of said optical guide plate are located on the same 
side. 

14. A liquid crystal display apparatus having a backlight 
source, said backlight source comprising: 

a diffusion optical guide plate comprising 
a transparent plate having a ?rst plane, a second plane 

and side faces, and 
a light scattering controlling means for scattering inci 

dent light frorn said side face so as to alloW the light 
to go out through the second plane and transmitting 
incident light from said ?rst plane so as to alloW the 
light to go out through said second plane; 

a light-condensing shading slit ?lrn disposed at the ?rst 
plane side of said diffusion optical guide plate; 

an optical guide plate disposed on the surface of said 
shading slit ?lrn opposite to said diffusion optical guide 
plate; and 

light sources irradiating With light at least one side face of 
each of said diffusion optical guide plate and said 
optical guide plate, 

further comprising an irradiation direction sWitching 
means for selectively irradiating With light either the 
side face of said diffusion optical guide plate or the side 
face of said optical guide plate. 

15. A liquid crystal display apparatus having a backlight 
source, said backlight source comprising: 

14 
a diffusion optical guide plate comprising 

a transparent plate having a ?rst plane, a second plane 
and side faces, and 

a light scattering controlling means for scattering inci 
5 dent light from said side face so as to alloW the light 

to go out through the second plane and transmitting 
incident light from said ?rst plane so as to alloW the 
light to go out through said second plane; 

a light-condensing shading slit ?lrn disposed at the ?rst 
1O plane side of said diffusion optical guide plate; 

an optical guide plate disposed on the surface of said 
shading slit ?lrn opposite to said diffusion optical guide 
plate; and 

15 light sources irradiating With light at least one side face of 
each of said diffusion optical guide plate and said 
optical guide plate, 

further comprising a light source transferring means for 
selectively irradiating With light either the side face of 
said diffusion optical guide plate or the side face of said 
optical guide plate. 

16. A backlight source, comprising: 

20 

a diffusion optical guide plate having a ?rst plane, a 
25 second plane and side faces; 

a light-condensing rneans disposed at a ?rst plane side of 
the diffusion optical guide plate for transmitting and 
condensing light toWard the diffusion optical guide 

30 plate; 

an optical guide plate disposed on the surface of said 
light-condensing rneans opposite to said diffusion opti 
cal guide plate; and 

at least one light source for ernitting light, the light 
selectively alloWed to pass through either at least one 
side face of said diffusion optical guide plate or at least 
one side face of said optical guide plate, thereby 
varying an angle of the light passing through the second 
plane of the diffusion optical guide plate. 

17. The backlight source according to claim 16, 
Wherein the diffusion optical guide plate comprises a 

transparent plate and a light scattering controlling 
means for scattering incident light from the side face so 
as to alloW the light to pass through the second plane 
and transmitting incident light from said ?rst plane so 
as to alloW the light to pass through the second plane. 

18. The backlight source according to claim 17, 
Wherein the light scattering controlling means is a shading 

slit ?lrn disposed at a ?rst plane of the diffusion optical 
guide plate for transmitting and condensing light 
toWard the diffusion optical guide plate. 

19. A liquid crystal display apparatus having a liquid 
crystal display element and a backlight source disposed to 
incident light through the liquid crystal display element, the 
backlight source comprising: 

a diffusion optical guide plate having a ?rst plane, a 
second plane and side faces; 

35 

45 

60 
a light-condensing rneans disposed at a ?rst plane side of 

the diffusion optical guide plate for transmitting and 
condensing light toWard the diffusion optical guide 
plate; 

65 an optical guide plate disposed on the surface of said 
light-condensing rneans opposite to said diffusion opti 
cal guide plate; and 
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at least one light source for emitting light, the light as to allow the light to go out through the second plane 
selectively allowed to pass through either at least one and transmitting incident light from said ?rst plane so 
side face of said diffusion optical guide plate or at least as to alloW the light to go out through the second plane. 
one side face of said optical guide plate, thereby 21. The liquid crystal display apparatus according to 
varying an angle of the light passing through the second 5 claim 20, 
Plane of the diffusion Optical guide plate- Wherein the light scattering controlling means is a shading 

20~ The liquid Crystal display apparatus according to slit ?lm disposed at a ?rst plane of the diffusion optical 
Claim 19> guide plate for transmitting and condensing light 

Wherein the diffusion optical guide plate comprises a toWard the diffusion optical guide plate. 
transparent plate and a light scattering controlling 10 
means for scattering incident light from the side face so * * * * * 


